We present a study of diffuse extended ionised gas toward three clouds located in the Galactic Centre (GC). One line of sight (LOS ) is toward the 20 km s −1 cloud (LOS −0.11) in the Sgr A region, another LOS is toward the 50 km s −1 cloud (LOS −0.02), also in Sgr A, while the third is toward the Sgr B2 cloud (LOS +0.693). The emission from the ionised gas is detected from Hnα and Hmβ radio recombination lines (RRLs). Henα and Hemβ RRL emission is detected with the same n and m as those from the hydrogen RRLs only toward LOS +0.693. RRLs probe gas with positive and negative velocities toward the two Sgr A sources. The Hmβ to Hnα ratios reveal that the ionised gas is emitted under local thermodynamic equilibrium conditions in these regions. We find a He to H mass fraction of 0.29±0.01 consistent with the typical GC value, supporting the idea that massive stars have increased the He abundance compared to its primordial value. Physical properties are derived for the studied sources. We propose that the negative velocity component of both Sgr A sources is part of gas streams considered previously to model the GC cloud kinematics. Associated massive stars with what are presumably the closest H II regions to LOS −0.11 (positive velocity gas), LOS −0.02 and LOS +0.693 could be the main sources of UV photons ionising the gas. The negative velocity components of both Sgr A sources might be ionised by the same massive stars, but only if they are in the same gas stream.
INTRODUCTION
The proximity of the Galactic Centre (GC), at a distance of about 7.86 kpc (Boehle et al. 2016) , offers a unique opportunity to look at a galactic nucleus in great detail. Several studies have been carried out to establish the physical properties and the kinematics of ionised gas toward the main compact ⋆ E-mail: jairo.armijos@epn.edu.ec H II regions located at the centre of the Galaxy (Ho et al. 1985; Mehringer et al. 1993; Zhao et al. 1993; Mills et al. 2011) . Sgr A West, located around the supermassive black hole Sgr A*, is a spiral−shaped region of ionised gas whose emission is thermal in nature (Ekers et al. 1983) . Sgr A East is a non−thermal source surrounding Sgr A West in projection (Ekers et al. 1983) . There is also a group of four H II regions, known collectively as G−0.02−0.07, made up of the regions denoted as A, B, C, and D (see Fig. 1, upper panel). G−0.02−0.07 is located at a projected distance of ∼6 pc from Sgr A*. These H II regions likely reside within the 50 km s −1 cloud 1 (Goss et al. 1985; Mills et al. 2011 ), one of the massive clouds in the Sgr A complex. Sgr A East may be impacting the 50 km s −1 cloud at its west side (Serabyn et al. 1992) . Massive O stars are thought to be ionising the A−D regions (Lau et al. 2014) . Using line to continuum ratios, Goss et al. (1985) found electron temperatures in the range of ∼5000−7000 K for the four compact H II regions.
Another H II region labelled as G (see Fig. 1 , middle panel), located at ∼13 pc in projection from Sgr A*, is thought to be excited by one O9 or five B0 stars (Ho et al. 1985) . The region G appears to be embedded in the 20 km s −1 cloud (Armstrong et al. 1989) , another massive cloud in the Sgr A complex. Sgr A−E is considered a non−thermal source (Lu et al. 2003) , which lies close to the region G (see Fig. 1 ). Armstrong et al. (1989) found an electron temperature of ∼7500 K for the region G. Zhao et al. (1993) studied five H II regions (identified as H1 through to H5) located between Sgr A West and the Arched Filaments H II complex containing a group of curved ridges showing velocities from 15 to -70 km s −1 (Lang et al. 2001) . The H1−H5 sources show gas velocities from -20 to -60 km s −1 , which seem to be associated with a -30 km s −1 cloud (Zhao et al. 1993 ). However, negative velocities of the ionised gas are not only observed toward the H1−H5 regions and the Arched Filaments H II complex, as previously thought, but also toward many other regions of the Sgr A complex. In fact, a GC large-scale map obtained by Royster & Yusef-Zadeh (2014) shows ionised gas toward the Sgr A complex with negative velocities reaching up to ∼-130 km s −1 . A recent position-velocity map of the C II emission (Langer et al. 2017) , which is considered as a good tracer of the ionised gas, shows a similar distribution as in the map obtained by Royster & Yusef-Zadeh (2014) . Clouds of diffuse ionised gas in Sgr A with velocities from ∼-130 to +130 km s −1 are shown on the channel maps of the C II emission obtained by García (2015) .
On the other hand, the Sgr B2 complex lies at a projected distance of ∼120 pc from the GC. This complex contains many dozens of compact and ultracompact H II regions (Gaume et al. 1995; De Pree et al. 2005) . Many of these H II regions are associated with the Sgr B2 north (N), main (M) and south (S) hot cores where star formation is taking place (Gordon et al. 1993) . The ionised gas in the Sgr B2 complex shows velocities predominantly in the range of 50−70 km s −1 (Mehringer et al. 1993) . There is a H II region labelled as L (Mehringer et al. 1993) that is located at a projected distance of ∼1.6 pc from Sgr B2N (see Fig. 1 , bottom panel). The region L has an electron temperature of ∼6500 K (Mehringer et al. 1993) and it is believed to be excited by one O5.5 star (Gaume et al. 1995) .
The 20 and 50 km s −1 clouds are considered as part of a set of clouds moving on stable x2 orbits around the GC in a 100×60 pc elliptical and twisted ring (Molinari et al. 2011) . In this scenario both clouds are located in the front region of the ring while its background gas, which is around both clouds as seen in projection, show velocities from ∼0
1 The name is given by its local standard of rest radial velocities. (Lu et al. 2003) . The region G appears to be the closest H II region to LOS −0.11 (Ho et al. 1985) . Bottom panel: LOS +0.693 lies close to the H II region L located northeast of Sgr B2N.
to -60 km s −1 (Molinari et al. 2011) . Kruijssen et al. (2015) also modelled the gas kinematics studied by Molinari et al. (2011) , reproducing the kinematics of molecular gas using an open gas stream divided into four gas streams orbiting the GC. The back side of the open stream is composed of streams 3 and 4, while streams 1 and 2 are two ends of the open stream located at its front side (Kruijssen et al. 2015) . The 20 and 50 km s −1 clouds are contained in the gas stream 1. A recent study (Langer et al. 2017) revealed that the ionised gas velocities of the Sgr A and Sgr B2 clouds are better explained by the gas streams proposed by Kruijssen et al. (2015) rather than by the elliptical ring proposed by Molinari et al. (2011) . Henshaw et al. (2016) found that two spiral arms or gas streams reproduce the molecular gas distribution of several GC clouds. Since no known physical model explains the spiral arms (Henshaw et al. 2016) , open streams might be the most likely structure.
In this paper we focus on studying the physical properties and kinematics of the diffuse ionised gas of selected GC regions. Using radio recombination lines (RRLs) observed with the Green Bank Telescope (GBT) of NRAO 2 , we find that RRLs show positive and negative velocities toward two lines of sight (LOS ) in the Sgr A complex, one toward the 50 km s −1 cloud (LOS −0.02) and another toward the 20 km s −1 cloud (LOS −0.11). We also study the ionised gas along one LOS in the Sgr B2 complex (LOS +0.693) for comparison purposes. Fig. 1 shows the observed positions of the three LOS, where other GC sources are indicated. As indicated in Fig. 1 LOS −0.02 covers part of the emission arising from the H II region A. The region G appears to be the closest thermal H II region to LOS −0.11 (Ho et al. 1985) since Sgr A−E is considered a non−thermal source in nature (Lu et al. 2003; Yusef-Zadeh et al. 2005) . LOS +0.693 lies close to the H II region L (see Fig. 1, bottom panel) . This paper is organized as follows. In Section 2 we present the observations and data used in this work. We present the main results in Section 3, focusing on the line identification of RRLs and Gaussian fits in Section 3.1, the local thermodynamic equilibrium of the ionised gas in Section 3.2, helium to hydrogen ratio in Section 3.3, and electron densities and the number of Lyman continuum photons in Section 3.4. We discuss whether the RRL emission detected with the GBT is extended and diffuse in Section 4.1, the kinematics of the ionised gas in Section 4.2, and the sources of gas ionisation in Section 4.3. Finally, the conclusions of this work are presented in Section 5.
OBSERVATIONS AND DATA REDUCTION
The observations were carried out with the NRAO 100−m Green Bank Telescope (GBT) in July−October 2009. We used the Ku−band receiver connected to the spectrometer that provided four 200 MHz spectral windows in two polarizations. This configuration provides a spectral resolution of 24.4 kHz or 0.6 km s −1 . Spectra were calibrated using a noise tube and the line intensities, affected by 20 per cent uncertainties, are given in T * A scale. The position-switched 2 The National Radio Astronomy Observatory is a facility of the National Science Foundation, operated under a cooperative agreement by Associated Universities, Inc. mode was used during the observations. As mentioned, the studied LOS s are shown in Fig. 1 . The angular resolution is 45 arcsec at 14.19 GHz, which corresponds to ∼1.7 pc at the distance of the GC. We used the reference positions selected and verified by Martín et al. (2008) , which were originally based on large scale CS maps (Bally et al. 1987) . The three observed LOS positions and their reference positions are indicated in Table 1 . Using the GBTIDL package 3 , we inspected all scans of the SDFITS files, and the baseline subtraction and average were applied to the calibrated spectra. Then the data were imported into the MADCUBA package 4 for further processing. The spectra were smoothed to a velocity resolution of ∼5 km s −1 appropriate for the RRL widths, ∆vr, of ∼30 km s −1 observed in the GC (Mehringer et al. 1993 ).
Archival VLA data
To find out whether the emission detected with the GBT is affected by emission arising from compact H II regions (see discussion in Section 4.1), we have used VLA data at 24.5 GHz available in the NRAO archive 5 . The VLA data reduction and imaging were done using the CASA package 6 (version 4.7.0). The observations were carried out in 2012 using the DnC configuration. We have build continuum maps, shown in Fig. 1 , and also a H64α cube for the LOS −0.02 region as this information will be required in Section 4.1. The continuum maps and cube were obtained using the clean task of CASA. The spatial resolution of the maps and cube is 2.52×2.47 arcsec 2 . The cube has a rms noise of ∼4 mJy beam −1 per channel, while the continuum maps of both Sgr A regions and the LOS +0.693 region have rms noises of ∼2 and ∼20 mJy beam −1 , respectively.
RESULTS

Line identification and Gaussian fits
To identify hydrogen (H) and helium (He) RRLs we have used a catalog included in the MADCUBAIJ package, which contains the frequencies of the RRLs estimated according to the Dirac theory described by Towle et al. (1996) . The RRLs detected in LOS −0.11, LOS −0.02 and LOS +0.693 are shown in lines with m=99−96, 94 toward LOS −0.11 and LOS −0.02. Hydrogen RRLs with the same n and m are also detected toward LOS +0.693 but, in this case, we have also detected the H95β, whose frequency is not in the bandwidth of our observations toward either of the two Sgr A sources. All these RRLs are detected with a significance higher than 3σ. The strongest RRLs are observed in LOS +0.693, whereas the weakest lines are detected in LOS −0.11. We have detected the emission from Henα lines, with n=79−75 and Hemβ lines with m=99−94, only toward LOS +0.693 (see Fig. 5 ). As shown in Fig. 2 and 3 the RRLs in both of the of Sgr A sources reveal two velocity components, while the RRLs in LOS +0.693 show only a single velocity component.
Gaussian fits to the RRLs are used to derive the peak intensity (T * A ), central line velocity (vr), full width at half maximum (∆vr), the integrated line intensity ( T * A dvr), and their respective uncertainties. The frequencies of the RRLs and the derived parameters for each source are listed in Tables 2−4. The RRLs found in both sources of Sgr A are fitted with two Gaussian lines. The two velocity components are labelled as +20 and -30 km s −1 in LOS −0.11 and as +50 and -40 km s −1 in LOS −0.02 in Tables 7, 9 and 10. As mentioned, Henα lines are detected only in LOS +0.693, and the parameters derived using Gaussian fits are given in Table 5 , where upper limits for the T * A and T * A dvr of the He94β line are also listed. For both sources of Sgr A we have estimated 3σ upper limits for T * A of the He lines shown in Table 6 because we will study the He to H ratio in Section 3.3. In Table 2 . Hydrogen RRL parameters derived for LOS −0.11 using Gaussian fits with two velocity components. Table 3 . Hydrogen RRL parameters derived for LOS −0.02 using Gaussian fits with two velocity components. ... ...
<1.7
(b) (a) 3σ upper limit on the line intensity. (b) 3σ upper limit on the velocity−integrated line intensity. Table 6 there are no upper limits for the He95β line as it was not observed in either of the Sgr A sources.
LTE conditions
In order to check whether local thermodynamic equilibrium (LTE) conditions apply in the three GC sources, we have derived the Hmβ to Hnα integrated line intensity ratios (hereafter Hmβ to Hnα ratios), using Hnα and Hmβ lines that were observed simultaneously to avoid uncertainties related to pointing and flux calibration. We show the value of these ratios in Table 7 for the different velocity components and the three GC sources. In this table we also list the Hmβ to Hnα ratios estimated assuming LTE conditions and optically thin radio continuum emission. We also show the Hemβ to Henα integrated line intensity ratios for LOS +0.693 in Table 8 , where the expected LTE values are also listed.
As seen in Table 7 , the three GC sources have Hmβ to Hnα ratios that are consistent, within their uncertainties, with those predicted in LTE, but there are values (in bold print) in this table that do not match the expected LTE ratio. In LOS −0.02, the measured H99β to H79α and H98β to H78α (positive velocity component) ratios are inconsistent with the LTE values likely due to uncertainty in the baseline correction of the H99β and H98β lines. The same reason may explain why the H99β, H98β, and H94β lines, in LOS +0.693, show intensities lower than those expected in LTE. On the other hand, the measured Hemβ to Henα ratios (see Table 8 ) are consistent within their uncertainties with the values expected in LTE. In summary, the Hmβ to Hnα ratios derived for the three GC sources and the Hemβ to Henα ratios derived for LOS +0.693 show that the ionised gas in the studied sources can be reasonably assumed to be emitted under LTE conditions.
Helium to hydrogen ratio
As mentioned above, helium RRLs have only been detected toward LOS +0.693. We have derived the He−to−H line intensity ratios (see Table 9 ) for those RRL transitions where the same principal quantum number has been detected for the two elements. Otherwise, we provide upper limits assuming that the line intensity of the non−detected RRLs is lower than 3σ. We note that the Henα RRLs are located at ≈122 km s −1 with respect to Hnα RRLs, as expected by the difference of their rest frequencies (Towle et al. 1996) . Thus, the derived ratios are not affected by possible effects of calibration since both spectral lines are observed simultaneously at close frequencies.
We find an average He−to−H intensity ratio of 7.3±0.2 per cent or 4 He mass fraction Y=0.29±0.01 for LOS +0.693. This ratio is consistent with those found in interferometry studies (Roelfsema et al. 1987; Mehringer et al. 1993) that trace more compact regions ( 0.7 pc) than our diffuse regions (∼1.7 pc). The most stringent upper limits on the He−to−H ratio derived for LOS −0.02 and LOS −0.11 are consistent with the He−to−H number ratio of <10 per cent found in GC H II regions (Roelfsema et al. 1987 ). The estimation of 0.29±0.01 helium abundance by mass differs by 14 per cent from that of 0.25 as predicted by Big Bang nucleosynthesis (Coc et al. 2012; Tsivilev et al. 2013 ). This finding suggests, as expected (Wilson & Rood 1994; Gordon & Sorochenko 2009 ), that high−mass stars in the GC have enriched the ISM with helium−4, in a past intense burst of star formation in this region, thus increasing its abundance compared to the primordial value.
Electron densities and number of Lyman ionising photons
In this section we derive the average electron density ne of the ionised gas following the equation as in Mezger & Henderson (1967) , where ne is given by: 
where Te is the electron temperature, ν is the frequency, Sc is the continuum flux, D is the distance to the GC (7.86 kpc, Boehle et al. (2016) ) and Θ is the source size (which is assumed to be equal to the telescope beam size corresponding to ≈1.7 pc at the GC distance). The parameter a accounts for the deviation between the exact equation for the optical depth for free−free emission and its approximation (Mezger & Henderson 1967) . For our study we have used an average value of a equal to 0.98. We have assumed that our three GC sources have spherical geometry, and in this case the model conversion factor u1 is equal to 0.775 (Mezger & Henderson 1967) . The Sc is derived from the H77α and H96β RRL emission assuming an optically thin regime and the average Te found for compact H II regions of the GC, i.e. Te ≈ 6300 K (Goss et al. 1985) . Sc values derived from the H77α and H96β RRLs are similar, within their uncertainties, to those obtained from the other detected Hnα and Hmβ lines, respectively. For this reason Table 10 lists only the Sc values derived from the H77α and H96β lines. For the three GC sources the estimated values of ne are given in Table 10 .
Using the formula given in Rohlfs & Wilson (1999) (see Eq. 13.2) we have also calculated the number of Lyman ionising photons, NLyc, as follows:
where np is the proton density (which is equal to ne under LTE conditions, see Section 3.2), and α (2) is the recombination coefficient (Spitzer 2004) . The derived values of NLyc for the three GC sources are shown in Table 10 . 
DISCUSSION
Extended and diffuse RRL emission toward the three GC LOS
As previously mentioned, the only compact H II region which falls inside the GBT beam of our observations is toward LOS −0.02. This suggests that our GBT observations trace extended RRL emission toward LOS −0.11 and LOS +0.693. In the case of LOS +0.693, this idea is also supported by the extended H69α emission map of Sgr B2 shown in Fig. 6 . This figure is obtained using the HOPS data (Purcell et al. 2012) . The HOPS data has a spatial resolution of 2.4 arcmin at the frequency (19.59 GHz) of the H69α line, which is a factor ∼3 worse than the average spatial resolution of our observations. Unfortunately, the HOPS data has a rms noise of ∼40 mK, which is not enough to obtain H69α line emission maps for regions where both Sgr A sources were observed. In order to figure out whether the emission detected by the GBT toward LOS −0.02 is arising exclusively from the compact A region or not, we have compared the RRL emission measured using the VLA with that of our GBT observations. For this we have first determined the spectral index α of the region A. This region shows a α of 0.06±0.04 derived considering the Sc of 590±30 mJy that we have measured at 24.5 GHz (using the VLA map shown in Fig. 1 ) and the value of 570±20 mJy derived at 14.7 GHz by Goss et al. (1985) . Thus, T * A ∝ ν 1.16 assuming that the free−free and RRL emission is optically thin. We have measured the H64α peak line intensity of 67±22 mJy by integrating the channel map at the peak intensity of 47 km s −1 (obtained using the data cube described in Section 2.1) over the HPBW of the GBT. By using the previous relation we have extrapolated the H64α peak line intensity to that expected for the H76α line, finding a T * A of 39±12 mJy at 14.7 GHz, which is similar to that of 40.2±1.2 mJy as measured by the GBT. This suggests that part of the region A inside the GBT beam may contribute significantly to the RRL emission detected in LOS −0.02. The T * A of 39±12 mJy found for the H76α line is a factor ∼2 lower than that of 114 mJy as measured by Goss et al. (1985) for the entire region A, which agrees with the fact that only half of the region A falls inside the GBT beam size toward LOS −0.02. Despite this finding, we believe that it is unlikely that the GBT data traces extended RRL emission toward LOS +0.693 and LOS −0.11 and that it does not trace extended RRL emission toward LOS −0.02. In fact this is supported in Fig. 7 (upper panel) where we show the C I, C II and H79α spectra of LOS −0.11 and LOS −0.02. It can be seen that both the positive and negative velocity components of the extended ionised gas traced by the C II emission (García 2015) are also well traced by the H79α line emission. Therefore, in this paper we consider that the GBT traces extended ionised gas in the three LOSs.
The studied ionised gas is also diffuse because we have found ne of ∼40−310 cm −3 , which are much lower than those of 3600−5100 cm −3 found in compact H II regions of the GC (Mills et al. 2011) . The ne of ∼40−120 cm −3 found for the negative velocity gas of LOS −0.11 and LOS −0.02 are consistent with those of ∼100−130 cm −3 found for diffuse ionised gas of the Arched Filaments H II complex (Langer et al. 2017 ).
C II emission traces a negative velocity component not only in both Sgr A sources but also in the H1 source and Sgr A* (see the bottom panel of Fig. 7) . We also note in Fig. 7 that the C I emission does not trace the negative ve- Table 9 . Helium−to−hydrogen line intensity ratios for the three GC sources The He95β/H95β line intensity ratios for both sources of Sgr A were not measured because the He95β RRL was not observed. locity component in LOS −0.11 and LOS −0.02 but it does partially in the H1 source and Sgr A*.
Kinematics of the ionised gas
Our RRLs show diffuse ionised gas with negative and positive velocities in LOS −0.11 and LOS −0.02. In Fig. 8 we show the velocities of both Sgr A sources on a positionvelocity diagram for the C II emission. Four gas streams from the model of Kruijssen et al. (2015) are also shown in this figure. The vr of both velocity components of LOS −0.11 are consistent with the velocities of streams 1 and 4, while the vr of both velocity components of LOS −0.02 agree with the velocities of streams 1 and 2. This suggests that along the Figure 6 . H69α integrated line emission of Sgr B2 obtained using HOPS data (Purcell et al. 2012 ). The range of velocity integration is from 20 to 80 km s −1 . LOS +0.693 is indicated with a red circle with the size of the HPBW of the GBT observations (48 arcsec at 13.09 GHz).
two LOSs the GBT traces diffuse and extended ionised gas that are part of the gas streams orbiting the GC. The positions of LOS −0.11 and LOS −0.02 (see Fig. 8 , upper panel) also support that the positive velocity gas in both sources is part of stream 1. The velocities and positions of the regions H1−H5 (see Fig. 8 ) show that these sources are likely associated with stream 2. If this hypothesis is correct then the negative velocity gas of LOS −0.02 could coexist with the H1−H5 sources. Our hypothesis is in agreement with the finding of Langer et al. (2017) that the kinematics of the Bottom panels: C I (black) and C II (red) spectra observed toward the H1 source and Sgr A*. The line intensity of several spectra is multiplied by a factor for comparison purposes. C II spectra is affected by absorption features (indicated by dashed lines) associated with the 3 kpc, 4.5 kpc and local spiral arms (Oka et al. 1998 ). The C I and C II spectra are obtained with a spatial resolution of 46 arcsec similar to that of the H79α spectra.
ionised gas in the Sgr A and Sgr B2 complexes, as traced by the C II emission, is well explained by the gas streams proposed by Kruijssen et al. (2015) .
Sources of ionisation
4.3.1 Positive velocity gas in the three GC LOSs
The ionised gas studied in LOS −0.11 is at a projected distance of ∼3.8 pc from the region G (see Fig. 1 ), whose massive stars are thought to be the closest compact source of ionisation to the positive velocity LOS −0.11 gas (Ho et al. 1985) . On the other hand, since the region L lies close to LOS +0.693 (see Fig. 1 , bottom panel), it is expected that the main ionisation source of the LOS +0.693 gas could be the massive stars responsible for the ionisation of the region L.
As can be seen in the upper panel of Fig. 1 , part of the emission arising in the region A falls within the GBT beam toward LOS −0.02. Thus we expect that the gas with positive velocities in this GC source is mainly ionised by the massive stars in the H II region A. To test whether the H II region A could be the main source of ionisation of the positive velocity gas in LOS −0.02 we estimate the number of photons inside the GBT beam, NΩ, and that ∼50% of the region A falls inside the GBT beam (see Fig. 1 ). Considering the location of the GBT beam centre, then the compact H II region A would actually be displaced from the telescope beam centre. For this geometry we can esti- Four streams used to model the GC gas kinematics (Kruijssen et al. 2015) . The NH 3 (1,1) emission map obtained using HOPS data (Purcell et al. 2012 ) is shown in gray scale. The map is integrated over the velocity range -100 to +100 km s −1 . Filled triangles indicate positions of LOS −0.11 and LOS −0.02, while filled squares show the positions of H1−H5 sources. The black cross shows the position of Sgr A*. Bottom panel: The four streams are drawn on the position-velocity C II map obtained using HIFI data (García et al. 2016 ). This map covers 0.1 • in latitude centered at 0 • . Central line velocities of LOS −0.11 and LOS −0.02 are shown with filled triangles, while the central line velocities of H1−H5 sources (Zhao et al. 1993) are indicated with filled squares. Velocity error bars overlap with filled triangles.
mate an upper limit to NΩ following the expression given by Rodríguez-Fernández & Martín-Pintado (2005) :
where r is the radius of the H II region. We derive the upper limit of 10 50.95 photons s −1 for the value of NΩ by using the NLyc value provided by Mills et al. (2011) for the H II region A, Ω=45 arcsec and r=1.7 pc in Eq. 3. It seems that the positive velocity gas of LOS −0.02 is mainly ionised by the massive stars in the H II region A because the NLyc values of LOS −0.02, given in Table 10 , are consistent with the upper limit of 10 50.95 photons s −1 .
4.3.2 Negative velocity gas in LOS−0.11 and LOS−0.02
The ionised gas components with negative velocities found toward both sources of Sgr A raises the question of the source of ionisation. The top−down view shown in Fig. 6 of Kruijssen et al. (2015) gives us information about the distances between Sgr A* and the four streams considered in their kinematical model. In this scenario Sgr A* is located between both the 20 and 50 km s −1 clouds and their background gas streams 3 and 4, at a projected distance of ∼60 pc from these features. If the negative velocity LOS −0.02 gas is part of the gas stream 2, as discussed in Section 4.2, then it may be ionised by the photons arising in massive O6−O7 stars which also ionise the presumably closest UC−H II regions, i.e. H1−H5 (Zhao et al. 1993 ), located at least ∼12 pc away from the negative velocity gas observed toward LOS −0.02 (see Fig. 8, upper panel) . Of course, other ionising sources apart from those proposed may exist in the environment of the negative velocity LOS −0.11 gas. On the other hand, the negative velocity LOS −0.02 gas is likely part of the stream 4, as discussed in Section 4.2. So far there are no compact H II regions or massive stars whose velocities and positions are consistent with those of the gas stream 4 around LOS −0.11, hence the identification of ionising sources of the negative velocity LOS −0.11 gas remains unclear. A possibility is that the negative velocity LOS −0.11 gas is actually part of stream 2, despite the difference in their velocites (see Fig. 8 , bottom panel), thus being also ionised by the massive stars inside H1−H5 sources as for LOS −0.02.
Considering the gas stream model proposed by Kruijssen et al. (2015) the massive young stars orbiting Sgr A* can be ruled out as ionising sources of the negative velocity LOS −0.11 and LOS −0.02 gas since in this scenario Sgr A* is ∼60 pc away from gas streams 2 and 4 along the two LOSs.
CONCLUSIONS
Using the GBT telescope we have detected extended and diffuse ionised emission toward three GC LOSs. The main conclusions of the present work are as follows:
• We found that the ionised gas observed toward the three GC sources is emitted under LTE conditions based on the Hmβ−to−Hnα integrated line intensity ratios.
• We found a 4 He mass fraction Y of 0.29±0.01 that supports the hypothesis that high-mass stars in the GC have enriched the helium−4 abundance in the ISM as compared to the primordial value.
• For LOS −0.11, LOS −0.02 and LOS +0.693 we have derived ne and NLyc values. The studied gas is characterised by ne of ∼40−310 cm −3 .
• The ionised gas detected toward regions of the 20 and 50 km s −1 clouds is likely associated, following the Kruijssen et al. (2015) model, with gas stream 1 orbiting the GC, while the ionised gas moving with negative velocities in LOS −0.02 and LOS −0.11 is likely associated with the gas streams 2 and 4, respectively, located in projection ∼12 pc above stream 1.
• The LOS −0.02 gas at positive velocities is mainly ionised by UV photons produced in the massive stars also ionising the H II region A. The massive stars inside the H II regions L and G are considered the closest sources of gas ionisation of LOS +0.693 and LOS −0.11 (positive velocity component), respectively.
• We propose that the gas with negative velocities observed toward LOS −0.02 may be ionised by UV photons originating in the massive stars of the presumably closest H II regions H1−H5.
• The negative velocity gas observed toward LOS −0.11 is likely associated with gas stream 4. We were not able to propose any possible ionising sources of the negative velocity LOS −0.11 gas because, so far, there are no compact H II regions or massive stars having both velocities and positions similar to those expected for gas stream 4 around LOS −0.11. However, if the negative velocity components of both Sgr A sources are part of the stream 2, then the massive stars in the H1−H5 regions could be the main sources of UV photons ionising the gas with negative velocities of both Sgr A sources.
• We compared C I spectra with our H79α spectra, finding that C I emission does not trace the negative velocity component of either of the Sgr A sources. This indicates that this diffuse gas component is fully ionised.
